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ABSTRACT 


Enhancement of teaching and education is crucial. This enhancement is 
rapidly improved through combining communication and technology 
resulting in various benefits (particularly the wireless Technologies (WT)). 
Such combination encourages lecturers to meet the worldwide demand for 
changing traditional teaching techniques to technology-based methods. 
Wireless system networks (WSNs) represent systems of smart devices that 
are linked wirelessly. In addition, these devices are characterized by having a 
bandwidth of bounded communication, abilities of sensing and computation. 
For performing operations of control, this system employs a Flywheel 
Position Control System (FW PCS) as a plant node. This study utilizes the 
True Time 1.5 MATLAB/Simulink platform for simulating and 
implementing the WSN mathematical model with wireless networks. The 


Systems simulation is carried out between plant nodes and controller using the IEEE 
WSN 802.15.4 standard (also called ZigBee) via protocols of Wi-Fi. The suggested 
ZigBee E-learning model comprises a set of properties that can encourage and 
enhance the level of students in various learning purposes and stages. 
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1. INTRODUCTION 

In education, resources and innovative implementations ways, facilitation, growth and designing are 
provided by technology. Any initiative will be successful through employing technology in a learning 
program that is based on the involved users’ attitudes and support [1]. Technology is implemented by 
instructors in constantly varying environments of education. Technology can change the method of teaching 
and learning. In the case of language learning, various educational technologies (such as interactive 
whiteboards, robots, desktop computers, laptops and smartphones) can be used [2]. Recently, wireless 
communication and networking courses become increasingly popular in educational institutions such as 
postsecondary colleges, universities, technical institutions and institutions of private training worldwide [3]. 

The literature is rich in works with several merits of the real-time social networking employed for 
different purposes such as educational programs. The growing communication and interaction among 
students which supports experience and learning motivation, as well as providing materials of personalized 
course can be attributed to the issues brought to students [4]. 

In the last decade, communication, control engineering and computer have witnessed enormous 
progress. By utilizing wireless transmission, tiny cheap devices have been developed and enhanced by the 
sensing capability, data collection, in addition to communicating with other devices. Currently, in WSN, 
equipment is available for improving intelligent, complex systems on the basis of these devices with 
simplicity and efficiency. 
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In control engineering literature, Closed-Loop Networked Control Systems (CLNCSs) are classified 
as spatially distributed control systems. In these systems, sensors, controllers and actuator communicate 
among themselves over a shared network of band-bounded digital communication. The communication 
occurs through utilizing wired line or criteria of wireless communication [5]. Traditionally, CLNCSs” are 
widely employed for decreasing cost and weight, as well as for increasing reliability and connectivity. During 
the last decades, different types of industrial networks of communication have been improved [6]. Examples 
of such networks are the Distributed Control System (DSC) and Supervisory Control and Data Acquisition 
systems (SCADA) [7-8]. In industry, employing WT has several advantages like scalability, flexibility, 
reliability and cost-effectiveness. Three technologies are incorporated in Wireless Networked Control 
Systems” (WNCSs) based on Wireless Sensor Networks (WSNs), they are wireless communication, 
computer networks and control engineering. 

Presently, a considerable development is seen in wireless networks in various fields and 
applications. The main positive features of WT include effectiveness, mobility, cost competition and 
configurable. Though WT was firstly used for communication and sensing through WSNs, a new field has 
now arisen based on utilizing the exact techniques for authorizing network control systems [9]. 

The remainder of this paper is organized as follows. Necessary information on WNCS applications 
is introduced in Section H. Computer Science Framework features are presented in Section III. Then, wireless 
automatic control systems characteristics are described in Section IV. The experimental setup is explained in 
Section V. Section VI evaluates the effectiveness of the Wi-Fi project. Finally, Section VII concludes 
this article. 


2. WNCSS APPLICATIONS AND FRAMEWORK 

In the research field of WNCSs, three main areas can be identified [10], as follows: 

a. Control of networks: this area deals with the design of wireless networks system and strategies of 
control. 

b. | Research of networks: it studies the application of networks topology and protocols of communication 
for real-time CLNCSs implementation. 

c. Multi-agent system: it examines the effect of interactions between both network’s components and 
architectures on the control’s global goals. 

Recently, a multi-hop induced gain scheduler was proposed for WNCS [11]. The architecture of 
client-server represented the basis of the proposed scheme of control. On the other hand, the authors in [12] 
presented modeling accession for NCSs with a number of patterns of changing periods of 
communication latency. 

Experimental optimization of a wireless transmission scheme has suggested in [13]. They also 
investigated a tuning process of the controller parameters for applications of real-time control. An 
investigation on WNCS with varying routes of time delay was conducted in [14]. To recompense the loss, the 
study examined on a packet-based network where posterior packets catch up the prior packets. The authors 
in [15] investigated the overall architecture of SCADA and WSNs systems and commonly adopted 
communication protocols. The XBee platform has been utilized as a case study. Model of predictive control 
was used for controlling the unmanned quadrotor helicopters attitude for wireless transmission and image 
compression [16]. Using an XBee modem, a wireless PLC system was proposed to control the distant domain 
equipments without wiring to construct the wireless network between controller (i.e. the master station) and 
plants (i.e. the remote devices) [17]. 

The authors in [18] developed an experimental validation and layout of predictive control model of 
hybrid dynamical processes with wireless sensors. Early in this decade, the authors in [19] studied the 
performance analysis and delays under packet loss of the PIDPLUS controller versus PID and PI controllers. 
One year later, the significant problems of wireless networked control systems were examined by studying 
the influence of the wireless network on control execution. Additionally, the authors developed a close 
design method to attain the required cost of control while decreasing the network energy consumption. The 
study of [21] has developed an Internet-based DSC system for controlling oil refineries. This system 
comprises some WT as part of the system. In [22], Lemmon defined the proper terms for the NCSs stability 
under random drop-outs. 

Over a wireless network, packet loss compensation technique was proposed in [23] for cyber- 
physical control. It is well known that the Zigbee protocol is usually used as a communication network and 
wireless medium access. In addition, the authors in [24] have addressed the stability issue for WNCSs with 
impulse disturbance in the discrete time domain. Furthermore, in [25], using an NCS method, the authors 
explained the utilization of ZigBee (or IEEE 802.15.4) as a communication protocol. This method has called 
as the wireless model based predictive networked control system. The authors also described the 
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implementation of a control system. However, new challenges have emerged in terms of how to improve 
accuracy, quality of services (QoS) and reliability [26]. 


3. COMPUTER SCIENCE FRAMEWORK 

Incorporating of Information, Communication and Technology (ICT) in education denotes the steps 
of teaching and learning that use technology related to implementing technologies of teaching in schools. 
Nowadays, it is seen that most of the students have better knowledge within the technology-based 
environment, so there is a vital problem represented by implementing ICT in schools’ classrooms [27]. 
Administrators at levels of district and school can contribute to successful pursuit and application of 
educational technology initiatives as shown in Figure 1. 

Recently, standards have developed by the International Society for Technology in Education 
(ISTE) aim to guide the responsibilities of a technology coach. Therefore, as a specialist in applying and 
demonstrating these standards, it is a duty to assist and support all stakeholders to develop a technology-rich 


professional learning program [28]. 


Figure 1. The administrators in learning 








4. WIRELESS AUTOMATIC CONTROL SYSTEM 

As shown in Figure 2, WNCS should be well-designed and amenable enough to be able to control 
all its actions. From an engineering perspective, it also should have the ability to perform the wanted 
assignments correctly and precisely. However, there are other definite characteristics that a WNCS 
must have [29]. 





Figure 2. WNCS design 
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These characteristics have to be identified and understood for enhancing the process of systems 
design for effective working and assuring the ability of WNCS to achieve specific useful tasks. These 
characteristics include a link quality time delays, reliability, jitter, scalability, security, energy consumption, 
the distance between nodes, flexibility and control paradigms [30]. 

There is a trade-off between communication and control performances. Therefore, wireless 
communication protocols and theories of a control system must be designed collaboratively. 

As can be seen in Figure 2, y(t) is a plant/process where its result is identified by the sensor (S). 
Additionally, the delay time for sampling and decoding has a delay time (ts). 

Over the wireless network, it is transmitted to the Controller (C) from the client side. For packets 
transmission, both switching function (B) and delay time (tc) are considered. In the beginning, a time will be 
requested for processing by the signal at the client side. This time can be considered as a delay time (tsc). 
Next, there will be a control signal (uk). This signal will be transmitted along the exact wireless network. The 
switching function is symbolized by (a) and the time delay is (tca). Thereby, the overall time is given by. 


teti +t, +t, +t +t? (1) 

Here, t has to be less than h (the sampling interval time) in order to obtain proper operation of the 
wireless networked control system. 

Specifically, a new control signal (uk) cannot be calculated by the controller unless a new sensor 
measurement y^ it receives. Then, the old control signal u^ is still used by the actuator to actuate the 


plant/process to the acquired operation state. In consequence, we can formulate the estimated output and 
input as follows: 


f = (1-B,)Yk (2) 
fi = (1-0, ux (3) 


In a wireless network, the switching functions stand for the probability of the succeeded arrival of y^ 
and u^ These parameters are symbolized as px ,py with assuming that: 


1 data lost 
sc aca — 4 
Pk Pr o data received (4) 


Tx and p; represent network parameters which vary based on the chosen node hardware, medium 
access control and network traffic. The state space model for the process/plant (which consists of the 
mentioned parameters) can be formulated as below. 


x(k+1) = GX (k) +T (h, Hu +T Ch Tp) R 
Thus, the predicted yields to the plant is as follows: 
¥ (k Jè (Cx (k )) 

(6) 
At the client yield, the predicted control signal u^ k can be formulated as: 


lin DE PE Ut (Le p} Jk 7) 


where the explanation of ®,[0,f1 is examined in various WCN. The purpose of the controller is 
based on the state-space model, and it is formulated by: 


j x 
ú, =K (htp Pa | 


(8) 


Figure 3 shows the NWCS block diagram with the essential parameters that influence total system 
performance and the network. 
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Figure 3. Block diagram of the WNCS 


After 1915s in the last century, significant interest was directed to using digital computers as a tool 
for closed-loop control. The control designs transited from the continuous-time/continuous-states models to 
the discrete-time/quantized-states models of digital control. Usually, the continuous-time/continuous-states 
models used in conventional feedback designs. When designing digital control, a number of new issues like 
selection of sampling period, the finite length of the word, the resulting effects of quantization, resources of 
memory and bounded computational must be considered with focusing on their impacts on the 
control performance. 

Also, remote monitoring systems and remote data-acquisition systems can be considered in this type 
of systems. A local site is typically defined as the area where a central controller is set; while a remote site is 
an area where the plant is situated, which is comparable to the client-server computer network scheme. The 
client-server control system platform architecture comprises two terminal computers. One client is used for 
performing the control algorithms like (PID), and the other one for plant data acquisition and interfacing. 
This operation is illustrated in Figure 4. 


output 
response 


y(t) 
r(t) 





Figure 4. The Fly-Wheel schematic diagram (server) 


Let’s come to the communication network, the two PCs can be linked either by wire or wireless. 
Such a scheme is used for connecting the components of control systems through TCP/IP or User Datagram 
Protocol (UDP) of the Internet for the implementation of remote control [31]. 

The controller and the plant can be connected by using a Wireless Sensor and Actuator (WSAN). 
The output of plant measurement from sensors which (i.e. y(t)) is sent over wireless workstation to the 
controller. Whereas, over other wireless workstations, the control signal is transmitted to the actuators. 


4.1. Experimental Setup 

The hardware devices of the wireless position control system consist of three mains section as 
follows: plant, controller and wireless sensor network devices as shown in Figure 5. 

As shown in Figure 5, a National Instruments (NI USB-6008) interfacing card to link the PC with 
the plant. The connection between the position control system (F-W PC.S.) and the workstation is performed 
through this card at the server side. The NI-max represents the software, which is employed to drive the NI 
card. This software interfaces the Simulink blocks of the DAQ toolbox and the plant. The interface with the 
XBee platform is performed through the Simulink blocks from Instrument Control Toolbox like serial 
transmit/receive. 
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Figure 5. F-W PCS Test-bed screenshot 


The NI card is used to interface the plant with the workstation using MATLAB 2018, after 
completing the hardware system design. It is well known that the MATLAB/Simulink simulation 
environment consists of various powerful tools capable of simulating any control system including WNCSs. 
It is worth mentioning that the WNCS simulation strategy utilizing a specific remote servo control system is 
explained. 

The transfer function of the plant model can be formulated as follows: 


O 43 rs 


g 
v s(1.127s+1)) (9) 


Utilizing the system identification toolbox of MATLAB, we can estimate the transfer function from 
the measured information of the input/output (1.e., voltage — angle) of the F-WPCS. 

Figures 6 and 7 illustrate the input information (voltage) to the system and the output information 
(angular position), respectively. 
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Figure 6. Input information to the (F-W PCS) Figure 7. Output information from the system 


Additionally, Figure 8 clarifies the practical research topic application. Now we completed 
allocating the system model, the HW/SW connection and software design of the position control system. 
Thus, a (PID) controller was designed to amend the system to follow up the reference input. 





Figure 8. Wireless control system for (F-W PCS) 
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5. PROPOSED ALGORITHM IMPACT 

The course from which the students were involved was a control engineering course for 
undergraduate students in the fourth year in the electrical engineering department at the University of Tikrit. 
To predict the effectiveness of the Wi-Fi project on students’ learning and intellectual capacity, the class was 
given MCQ on control engineering” in two tests: the first test was before introducing the projects and the 
second test after the entire class has a chance to obtain hands-on skill with the Wi-Fi project. Both tests were 
conducted to measure any change in student’s learning and comprehension. 

The class capacity is 20 students, 11 male and 9 female. The exam consisted of 12 MCQs covering 
various aspects of engineering control. The test consists of 12 MCQ. The percentage of answers before and 
after the project is shown in Figure 9. As demonstrated in Figure 10, progress is shown in the whole class on 
each of the (12) questions. Such progression can be counted by the practical experience that the students 
obtained from the (W1-F1) project between the two exams since no other types of orders were presented to the 
students before the second test. The pre/post exams were conducted among students with an exact 
background and who had offered to the exact theoretical subjects. 
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Figure 9. Wireless control system for F-W PCS Figure 10. Wireless control system for F-W PCS. 


6. CONCLUSION 

In this study, we proposed a new e-learning model aims to encourage and enhance the level of 
students in various learning purposes and stages. The results demonstrate the feasibility of implementing the 
feedback control system over a wireless sensor network in order to link both the controller and the plant 
remotely. It is clear that the PID parameters can be easily tuned in case of inducing of both delay and packet 
loss of the wireless network. This tuning may control system stability and performance. The students’ 
responses showed favourable reactions to the project demonstrations. The responses indicate that the Wi-Fi 
projects are so helpful and easy to implement in the understanding of course subjects; thereby improvement 
in learning and comprehension. 

Finally, the experiments have proved that the designing of the client-server scheme using MATLAB 
is more efficient in developing the control strategy and plant interfacing with the NI-6008 card. 
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